Abstract. The free-swimming sexual stage (gonozoid) of the doliolid, Dolioletta gegenbauri, was abundant at a site in the NE Atlantic (58°W, 20°N) during June 1996. Lipid analysis indicated that these organisms were comprised mainly of polar lipid with only low levels of neutral storage lipid (triacylglycerols) and this is consistent with a life history strategy of rapid somatic growth and gamete production. Fatty acid analysis of the gonozoids suggested a diverse microplanktonic diet, comprising diatoms, flagellates and dinoflagellates. The fatty acid composition of D.gegenbauri was dominated by 20:5(n-3) and 22:6(n-3), and is of high nutritional value to predators, particularly fish. The results are discussed in relation to the organisms' life history strategy and their potential nutritional impact on higher trophic levels.
Doliolids are marine planktonic tunicates which periodically occur in exceptionally high abundances (>3000 m~3) and in blooms that can occur over thousands of square kilometres (Atkinson etal., 1978) . Doliolids are globally distributed and tend to be found over continental shelf and deep oceanic water (Hunt, 1968; Madhupratap et al., 1980; O'Sulliv'an, 1983; Deibel, 1985) , although in some instances blooms in intense swarms in shallow coastal water have been observed (Lucas, 1933; Atkinson et al., 1978; Lindley et al., 1990) . However, the coastal blooms, such as those periodically noted in the North Sea, usually arise from large-scale intrusions of oceanic water (Lucas, 1933; Lindley et al., 1990) . Dolioletta gegenbauri is particularly abundant in the North Atlantic, and tends to be associated with the physical and biological features of Gulf Stream frontal eddies and upwelled water (Deibel, 1985) . Blooms of D.gegenbauri typically occur off the coast of Georgia, USA, from February to May, at a time when the contrast in physical oceanographic characteristics between the continental shelf and Gulf Stream water masses is at its maximum (Deibel, 1985; Paffenhofer and Lee, 1987) . By contrast, in the eastern North Atlantic to the west of the British Isles, D.gegenbauri appears to be most abundant during the summer months of June and July, although interannual variability can be high (Hunt, 1968) . Doliolids have a complex life cycle which involves a free-swimming sexual phase (gonozoid) and an asexually budded polymorphic colony phase (nurse colony) comprising trophozoids and dispersing phorozoids (Fraser, 1947) . All stages are capable of feeding efficiently on particles ranging in size from bacteria to large diatoms (Deibel, 1982a; Crocker et al., 1991; Tebeau and Madin, 1994) . Thus, the widespread distribution and abundance of doliolids, coupled with their ability to graze on a wide range of microplanktonic taxa, suggest that these organisms are potentially an important component in marine trophodynamics.
The analysis of Iipids in marine organisms can often provide valuable insights into the trophic interactions between marine consumers and their food supply (Sargent et ai, 1987; Pond et ai, 1997) . Lipids can also be indicators of physiological and reproductive status (e.g. Hopkins et ai, 1984) . However, literature reports on the lipid composition of gelatinous zooplankton are very scarce with, as yet, no information available on the lipid composition of doliolids [see Deibel et ai (1992) and references therein].
During the NERC-PRIME cruise to a site in the NE Atlantic (58°W, 20°N; June 1996), the free-swimming sexual stages (gonozoids) of the doliolid D.gegenbauri were captured by WP2 nets hauled vertically from a depth of 100 m. Animals in good condition were picked from the net hauls, excess seawater removed with blotting tissue, and frozen at -20°C in chloroformrmethanol until analyses. Lipid classes were analysed by high-performance thin-layer chromatography following Henderson and Tocher (1987) and fatty acids by gas chromatography as described in Pond and Harris (1996) . Microplankton species composition was determined by inverted microscopy on Lugol's preserved samples (Pond etai, 1996) .
Lipid analysis indicated that the gonozoids comprised mainly polar lipids, which are known to be major constituents of cell membranes (Figure 1 ). Only low levels of the neutral storage lipids, triacylglycerols, were found, and this is consistent with a life history strategy of rapid somatic growth and gamete production (Deibel, 1982b) . The lipid class composition of D.gegenbauri is, therefore, essentially similar to that of the appendicularian and pelagic tunicate Oikopleura vanhoeffeni (Deibel eiai, 1992) . The gonozoids were rich in polyunsaturated fatty acids (PUFA) which comprised 60.5% of total fatty acids ( Table  I) . The fatty acids 20:5(n-3), which is considered a good biomarker for diatoms, and 22:6(n-3), which is synthesized by flagellates, dinoflagellates and coccolithophores (Sargent et al, 1987; Pond et al, 1996; St John and Lund, 1996) , were particularly abundant components of the gonozoid fatty acid pool. Thus, the fatty acid composition of the gonozoids indicates a diverse microplanktonic diet, comprising diatoms, flagellates and dinoflagellates, and this is consistent with the microplankton species composition at the site which essentially comprised a mixed assemblage (Figure 2) .
Given that the gonozoids are of high nutritional quality, in terms of lipid at least, what are the implications for higher trophic levels? A wide variety of fish species do consume gelatinous zooplankton, although they are generally considered to be minor constituents of their diet (Kashkin, 1986; Heron et al, 1988; Harbison, 1993) . However, as gelatinous zooplankton are rapidly digested in fish guts and therefore difficult to identify, they may be underestimated during stomach content analyses. There are records of some fish species which predate heavily on gelatinous zooplankton, particularly during their larval phase when food availability and quality are critical. Plaice larvae have been noted to feed almost exclusively on the pelagic tunicate, Oikopleura dioica (Shelbourne, 1962) . Similarly, Oikopleura spp. comprises up to 97% of the diet of larvae of the English sole (Parophrys vetulus) off the Oregon coast, USA (Gadomski and Boehlert, 1984) . Given their fatty acid composition, it is probable that for at least some species of fish, pelagic tunicates are a nutritious food source (Bell and Sargent, 1996) . In the North Atlantic, D.gegenbauri is abundant around the European shelf break (Hunt, 1968) and its spatial distribution overlaps with that of commercially important pelagic fisheries such as mackerel (Lockwood et al, 1981) . The gonozoid phase of D.gegenbauri attains a maximum length of 8-12 mm and releases larvae 1.0 mm long (Deibel, 1982b) . Both of these life stages could potentially contribute to the nutrition of larval fish, but might not be detected in stomach content analyses. The impact of doliolid blooms on deep-sea ecosystems is also unknown. However, their high somatic growth and mortality rates, coupled with an ability to package a wide range of particles efficiently, suggests that they could contribute to the flux of carbon to deep-water ecosystems. The fate of doliolid body mass has not been established (Deibel, 1985) , but it must either be consumed/degraded within the surface layers, or sediment rapidly to the deep ocean. If the latter scenario is true, then doliolids could provide a mechanism whereby relatively labile compounds such as PUFA are transported undegraded to bathypelagic and deepsea benthic ecosystems.
Lipid composition of Dolioletla gegenbauri
Thus, the ability of D.gegenbauri to package microplanktonic lipid into a range of particle sizes (different life cycle stages) efficiently, coupled with their high reproductive capability, indicate that they may be an important food source for some marine consumers.
